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ABSTRACT

le Purification of a protease inhibltor:

In previous studies we have found <that the euglo'bulin' fraction, prepared
from the subsiding or healing site of outaneous Arthus inflammation in
cabbits, can suppress markedly the inflammationj and the suppressing
vffect of the protein fraction is largely due %o a speaifia pretease in-~
hibitor D.ooents in the protein fraction.

his pueviously undesoribed antiprotease was extensively purified
amo obt-ined as fibrous crystalline-~like substancej the purification
procedures essentially consisted of fractiicnation with ammonium sulfate,
chromztography with Sephadex G-50 and DEAE-cellulose, and concentration
with Sephadex G-25. This antiprotease inactivated a partisular SH-dependent
protease of the cutansous lesion of Arthus inflammation and papain, bdut
had no effect on trypsin and chymotrypsin. This substance appeared 1;6
be a polypeptide, poéitive with biurat test, thermostable, non-diffusible,
non-precipitable with 3 % trichloroacetic acid and insoluble in water but

gsoluble in salt,
2. Endogoneous mcchenism in vascular permeability in inflammations

The meochanism of inoreased vascular pormeability in intiamut‘.lon vas
studied because this phenomenon is one of the oardinal features in infle~
mmation. Inoreased vasoular response in ocutaneous Arthus inflammation
was diphasioc=~immediate snd delayedj; the former was temporary and medi-
atod by a substance susceptible to antihistamine (possibly histamine®)y

the lakter was intense and prolonged, and medisted by other systems.



A new permesbility factcr (PF) was isolated as the pseudoglobulin
fraction from the lesion showing the deleyed responsej the substance
was insusceptible to antihistamine, soy bean trypsin inhibitor, or
di-iso—~propyl phosphofluoridate, and had no emooth muscle-stimulating
action or chemotactic action on leucocytes. The permeability-increasing
effect of the pseudoglobulin was suppressed markedly by the euglobulin
prepared following the same way as noted above., Insgite of the exis-
tence of the antiprotease, the suppressing effect of the euglobulin
was possibly due to a new substance (anti-PF), Partial purification
of this anti-FF was made by using Sephadex G-50 column.

These observations presented here are very suggestive for clarifying
the important endogeneous mechanisms of various tissue manifestations

in inflanmatione
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APPENDIX "AM

THE BIOLOGICAL SIGTIFICATCE AND CHEMISTRY OF L PROTE.LSE IMIISITOR
TSYLY LSOLATED FROM LNIMAL TISSUE

1. PURIFICATION OF A PROTEASE INHIBITOR




The possible rolo of protcases in tho nllorgic resvonse, and in tissue
danage in general, has received incroasing attention, partinsularly in the
1a8t donnde (seo roview by Ungar and Haynshi, 1958).

Oonishi (1942) cbscived inarcased protoolysis in tho lungs of dogs in
vhinh allergic mnouronin wne induccd; and Horborts (1955) detentod = proteasa,
inaagtivrtod by sulvhydryl hloek, in tho lungs of pguinca-pige in anaphylantie
shoek, Inercascd vreteolycis also oceurs in other orgensy e.ge, in tho
liver ~f frngs in :aotone shoek (Woinap, 1955).

Provious studios in this laboratory havo shotn that the astivity of
cortain skin protoaze inercases in parallel vith the davelonment of sutanenus
Arthus--type reacticons: and that in aetivation of tho vrotcese by a
volyscpitide inhibitor noy explain tho suhsecusnt and sradurl eersation of
the reactions (Hayashi, 1955, 1956, 1958¢ Hayashi ct al., 1958+ Udrka, 1960-
Ito, 1960). The vroteasc and anti-pritense each verc roloased by tissue
vhasneytes during antigen-antibody reaections, the cnzy~e being role=sed
hofor its inhihitor. Both substances vere rescvered in suglobulin fractions
(Haynshi, Tokuda and Udeka, 1960; Toxuds, Hayashi and “atsube 1960: Udaka,
1960).

e preactiong vere suvprossed by a crude »renaration of euglebulin
aomsening the inhibitor (r¥atsuba, 1960); or by nors rofined preparation
(Miyrshi, uniublished) injected with the antigen. These proparatiocns also
vors offootive vhen oaven cither before or after injeecting the antigen,
feenrdingly, he nrotease may be one of the factors responsible for the
inflan~tory losion, the balsnce betreon the proteasc and its inhibitor
det  inins the intensity, cxtont and duration of the reactinns. The
inhi%itor can inactivate panain but has no effect ~n trypsin or rlasrin
(Udekn, Hared~ and Heynshi, 1961).

This papcr desaribos further observations on purification of tho inhibitnr
by ~ eclum shroratographic technique and on some proverties of this
inhibitor.

BATBRIMENT.LS AND RESULTS

.’& Adult nele albino rabbits (2.0 - 2.3 kg.) brod in our leboratory were used.




( Jensitisation of aninsls. ——= Pive nl. of dovine sorun vas injontod
suhoutansously on the 1st, 3rd and 5th days, On tho 16th day the antihody
nontent of aach aninal's sorun éme deterrined by pronipitin test (Hayashi
8% al., 1960), In tubes 3 rr, dien,, sorial &ilutions of serur vore testod
vith equal volunes (0,1 nl.) of antigen, and results merd aftor 6 ho at
roon temporature. Only aninals with titres of 26 vore used,

Induction and evaluation of Arthus-typo inflarmmetion, =-- Tho hanks of
sensitized animals wore closely n~lipped. Aftor 24 hr. 0.2 1., hovine serur
was injented intradermally in 20 sites in an are= 15 x 12 ert, Thz sorun

induned Arthus-type reactions vhich were squelly intunse at all sites.
Macroscopically, the rsestions commenced in about 3 hr., were naxi~al in
( 22 - 26 hr,, and then denlined in intensity. Tho inflarmatory reantinn had
usually disapucared 12 - 19 days after injontion. inirnls vith sueh
renctions wore ussd for the test but viore disecarded % healing of the losions

was delaycd at any stage by sloughing of tho skin.,

Prevaration of skin acstonc novder. «—=- Healing inflaned skin was oxnised

irmmediately =fter killing thc aninals. PFat and rmusele was ro-vved, the
skin finely mineed vith seisscrs and i~medintely frozon at -80° . The
frozon skin was cut into slices abocut 50)1 thick vith a freozing —irrctone
and the slices »nlaced in 2-4 1. oT ecld anetcne of vhieh the to~nerature
then vas allowed to rise to 2O « Dehydration vms continued with 3 changes
of acotone (2-4 X ), each hatoh of acctone boing held with tho skin for

v 60 min. at 2° , and then reroved - filtratinone. The povdercd skin was then
air-dried in a hood to romove.reaidual acetone and desiccatsd in vanuo over
P, o5 for 24 br. Tho tochniquec was described by Udake (1960).

Preparation and usc of Sephadex and DEAE-Cellulosat
Sephadex G-50 and G-25, erploycd in this study, were purechased from g

corrorcial soucos (Pharnacia, Uppsala, Sweden) and prepared by the nethod
of Porath and Flodin (1959), and Flodin, Gelotte and Porath (1960). DREAE-
acllulose, sontaining 0.87 roq, nf titrable groups per g., was nurchased
from corroroial souses (farl Schleichsr & Schnell Co. Ltd.) and prenarod
according to Peterson and Sober (1956).




The nolurms wero packed as followss

Column I, ==~ Air-dried Sophadex (0-50, =shout 10 g,) was suspended in 25
volures of 0,05 N NaGl solution and oontinued vith sovoral changoes of the
sana solution until tho supernatant was olear. At this siage, no deterinr-
ation of the Sophedex has avewr bacn noticed after frequent use for rors than
theee ronths, The thin susponsion was transferred to a large funnel,
provided vAth o stirrcer, and connccted with a 2,0 x 30 an, chroratsgraphy
tube of glass fitted at the bogton vAth G - 1 filtor end filled with O, 05N
NaCl solution. When a bed of a fow centineters had forned ahove the G - 1
filter the stopcock at the bottom of the colurm tube was opened and Sephadex
grains wore allowed to settle under liquid flow. The final colurn neasursd
17 om. in height. Then the colurms could be washed with the M/15 phosphate
buffer solutions desired (pH 6.8, ionic strongth 0.26) without notsble change
of the outer dimensicns of tho bed.

Colurn II, ==~ 10 g. of DEAB-cellulose was suspended in 100 ml. of 0.1N
NaOH, thon transfercd to a large vessol and diluted with water to 1 liter.
Lftor standing overnight, the cloudy - supernatent liquid wns decanted, and
the sedirent was washed 5 or 6 tires by decantation to rerove partinles ﬁf
that wuld not settle. The final suvernatant liquid was alrost elecar and
was free of alknli, This adsorhent was poured =8 a2 slurry into =z slass tube
fitted At the bodton with G - 1 filter snd was allcvied to settle under flow
conditions induecod by gravity. After graviiy settling was nearly complete,
the adsorhent was further cormpacted by the apnlication of air pressure
until a constant sclurnn height was achieved. After such »reparntion, the
nolurm would not run dry undsr gravity flow,

™e nacked adsorbsnt nolurn was thon washed idth soveral oolurn volures
of the M/15 phosphate buffer to ensurc pH and terporaturc equilidbriun,

Lrnroxinately 3 g. of adsorbent was usel to preparc »nacked nsolums of
25 x 1.2 on. Tho oxact hoight dopended on the adsorbent -crploycd,

Dovelopmont of chronatoorant

Tho eqilibrated protein sanpies were washed into the oolurm with several
1~-ml, portions of buffer beforo the continuous fluw of buffer was begun and
slovly filtrated down.

For Sephadox colurm, the rate of tho subsoquent olution with the huffer
usually adjustod 1 drop/?-lO soc. and thoe effluont fractions were nollectod
overy 3 p. by Toyo-Roshi autonatisc fractiong jﬁ‘&ootor (Model SF-200 A).




For DRLE-oollulose aolum, flow rates of aprroxirntely 6 ml, /hr, vore
obtained with amvlume of the exehmnmor 25 ary, lomg and 1,2 a=, wides with o
hydrnetatio hoad of 60 to 90 ar, Frastions voro ccllustod overy 3 g. by mn
autornatio fraction collector. Elutinn vas ncecrinlishal by ochonging the nH of
the eluting buffor, oxeept acriain enscs in ‘thich ionie strongth was varied
aceording the nurpesa, Two nothols of clutien voere erdliyeds a prationt
olution (Poterson and Scber, 1956) andl stopweise chanpes of the buffer.
Separations wore performoed at cold roor (20 ¢) unless athorwise noted. A
variety of buffers was satizfastory ¢r the noecssary pH rangoe (pH 5.9 to 9.2).

Phosphato buffer of ionie strength 0.26 was used in goiweral,

Exarination of effluent:

e
During purification uf the inhibitor, prot¥in eonc:1trations vere shown
by an optical donsity at 280 rp (E280 } in Beekman sncrtrevhitometer (Modol
QR-50) with standard cells of 1 e light path. Totel 2itrogen wrs dctersined

by niero=-kFjclinhl analysis., Armonium ion was testod hy flessler's reagent.

Enzynes:
Tc enzyrmes used in this study, pnsain and cxystallind trypsin werc putchascd
frori the Merak Co. Ltd., =nd Washington Biochomieal C-rnoration. d-chymo-
trypsin was suvplied by Eisai Co. Ltd. Proteolytic eunlebulin was »ranered
fron inflaned skin at raxirun stage (24 hours) of Arthus reration aceording
t> our previcus (Hrynshi ot al. 1958; Ulaka, 1960).

Protenso inhibitor assay:

Inhibitory effoect of the inhibitor was deterninod by ecasein digestion
nocording to Udska (1960). Its effect was shown by activity of tho inhibitor
to inanstivate one papain nnit. Papain was prepared as 1.5 % suspeusion
ageording to the previnus nethod (Udaka, Harade and Hayashi, 1961). One papain
unit wae Aofinod as tho activity of papain giving digestion product with
1.0 x 107% at By,

The putoncy was oxoresseod as units of inhibitory aetivity per sbsorhoney at 280
h (I0/Byg,).




Inhibition of trypain, p-chyrotrypsin and proteolytis euglohulin was
alsc ressured by tho sarme nethod,

Purifination of inhibitor:

Unless othervwise stated, all purific~tion steps were porforrned at 2 a,

Chronatogranhy was perfowriied on colurm of Sophadox G-50, »revared
1q ancoziing to Porath and ¥edin (1959), and of DREAE-cellulcsa, sreparcd
seconding to Dotorson and Svhon (1956},  Cuncentration of efflucnt fraction
vig alrfurred amasriing $o Plodin, Gelette and Torath (1960). The first
svep o0 Sk purification oproceduvre was identiedd with tho provious method

\ (Erynsvi oo al, 19580 Miledbr, 1960 Udaka, 1960)

)

Sten 1. Exiraction nnd fraction-iinn of skin necetono powder,

Skin anctone voawler (10 g4) vmo Lxtracted with 10 volures of M/15
vhesphate buffor of ol 6.8 o 16 Lr. and the sus onsin centrifuged at
5000 ron.me £or 15 minutes.  The supcrnntont £luid was iltorsa with Buehner
Punmnel through ene sheet of T ys-Roshi 1£3iter pnapor Mo, GC.

Peom the oxtracts cuglobulin fraetion wng proparzed by =ddition of
srturatod ~omoniwe sulfate (50 - 1. ver dl.) anceording to Saruely and
Strause (1914).

Step 2, Sennration of ammoniuna sulfate fron cugl-bulin fracticn.

- The cuglobulin fraction, propared fron the skin oxtract, was susponded

( in ?\.1/15- nhogphate buffer to give highest concontration. After centrifugs-
titn nt 5000 r.p.n. for 15 minutes, the supernatant was diluted the same ..',,
buffer to give an absorption at 280 of betweon 18 and 22 and wlaned on N
a Sevhndox eolumn (2.0 x 17 en.) whioh had been previously oquilibrated with
the same h»uffor -nd irnic strength 0.26, This cquilibrated protein sa~nles
wore washel into the colurm with sovoral l-nl. porti-nscf buffer before
tha continunrus flow of the buffor was bogun ~nd slowly filtrated. The
filtration wags nale at 2 rate of 1 Arop per 7-10 soe. and the e¢ffluent
3rdution was ¢ lleeted every 3 g. by Toyo-Roshi's autonatie fraction
solivator (Model SF-200A). The fractions were analyzod by ultraviclet 1ight

( adburrption nt 250 mu.  Arroniun lon was tested by Nesslor's romgont. The

mhoennbdeerarhic peitomm of affluvent wolusion is shown in Fig. 1.

R - - e it e ae - © e vt sm——— -



Pig. 1

4 qualitative analysis for ermoniun sulfate ions in tho first nenk
(peak 1) was nogative, showing that the protoins had beon frecd effentivaly
fron salt. The seoond peak (pesk 2) contains a low rolesular weight '
substance with an absorption maxirun at 262 . Te yield of material
sbsorbing in ultraviolet at 280 rp was ahout 97 % and its potenoy was about
8.

Stop 3. Chronatogrenhy of inhibitoxy fraction on DRAE-cellulose

The clear filtrate (poak 1), obtained fror the previous step, was diluted
with M/15 phosphate buffor of pE 6.8 to give an absorption at 280 of
between 6.0 and 8.0 and dlalyzed against the sama huffer of pH 5.9 for )}
hours. It was apnlied to a colurm of DEAB-collulose, 1.2 x 25 or. which
had proviously boon equilibrated with the sane buffer. Elution was
nocomplished by pH stepwoise changos (DB 5.9 to 9.2) of the eluting buffer
nt ionic strength 0.26. Flow rates was approxinately 6 nl. per hour, and
tho effluent solutions were collected overy 3 g. dy an sutonatis frrotion
eonllentor.

Fis. g

Ls showm in Fig. 2, six najor shronmatographic components are ohtzained:
tho first comnrised apyroxinmately 35 per cent, the scoond 7 per cent, the
third 12 ner cont, the fourth 9 per oent, the fifth 7 por cent and the wixth
5 por ccnt of the total protein recovered. The pesk A acnteins highly
active inhibitor; and the sotivity inoroases spproxinately 11 tires as the
nriginal activity, about 8 IU/E:’BO‘ The yield of this fraction fron DEAR-
cellulose oluate is about 18 4 and its pnteney is about 90 m/EZBO'

Step 4. Concontraticn of inhibitory fraction by Sephadex 3-25,

To 80 nl, of tho fraction (pesk A), obtained fron the previous step, 8
g. of Sophadex G-25 were added. The sieve fraction of this natorial was
50-100 rosh and its water regain was 2.4 g. por g of dry Sephadex. Wiy




Tho +thiclc susponsion was stirred for 10 ninutes to obtain oconpleto swelling
of tho gel, after which the gel grains were soparatod from the aongontrated
inhibitur solution by contrifugntion at 4000 r.p.n, for 30 rinutes, The
nrealplitates were then washod by syraying a snall r~rount of wator, Thin
washing procedure was ropoated again. The contrifugates snd washes wore
pooled ~nd subjocted to an additional conecntration stop. After » fourth
treatrent the voluno wie reducod to nn extent which mado further »urifieniion,
During ccncentration of the inhibitory fraction, tho inhibitory activity
against pavain was roeasured fullowing tho ~cothed deserido? abovdy

Tabelie 1

Bxnerinonts »nresented in Teble I. illustrate tnat concentrated fraction
oomtnain usually over 89 % ¢f tho total votensy of originalysolution,
and that ocach potency of the inhihitory fractions after 1, 2, 3 and 4 st2ns
are showm ns 130, 199, 331 and 582 IU/EZBO.
inhibitory activity inaercasce approxirmately 6 tires =as the ~riginal setivity,
shout 90 IU/E?"&O and that tho inhibitor is almcst quantitatively renoverel

in the 8-fuld concentrated sclution.

Thesc rasults deronstrato thnot

Stop 5. Crystaliszation
Tho o.noentratod inhibitory fraction with an activity of esbout 580 IU/E,,80

was dialysed against M/15 phosphe. buffor of pR 6.6 for 6 hours and
filtrated through the -3 glassfilter. The filtrato was allowed to stand
at 2° ¢ for 2 to 5 days. Prooipitetion was comploto during these days and
f£idrous procipitata chtained. Tho fidbrous precipitatos are in Mg. 3.

The activity of the fibrous precipitato was found at tho range of 1150
and 1300 IU/BZBO . Repreoipitation was oarried out following the sare
mannor as the first preoipitations slight ircrease in the aotivity of the
procipitato was obtained after the roprecipitation. Tho extent of purifi-
eation and the yield at various stops arc ilustratod in Table II.

Zable II




N

An

ot o on p~ pain and d -ohyrw ains
Papain was propared as a 1.5 % susponsion aneording ¢o provirus the
rnothod (UMakn, Harada and Haynshi, 1961) and its filtrato umed ns onzyro

solution, (rypsin was usod in n acncentration of 10 /nl, (Oreon and York, {{:{

1953), o ~chynotrypsin was used as a 5 x 102 Oh,U, solution,

To 2.0 rnl. of cach onzyro solution, 2,0 ml, of inhibitor sclution was
added, and the homogongous nixture was nllowed to st=nd for 30 minutes nt
roon terpersturc. The inhihitor nixture was uscd for detorninations of
the protoase activity following the nethcd deseribod abova.

Fig., 4

Expoerinonts prentod in Flg. 4 indicate that this inhibitor hae inantivrtas
papain but has no offoct on trypsin and d-chyrotryonsing thesc rusults are
in agreeront with our proviousiy obscrvations in the use of partially
vurified inhibitor (Udaks, Harada an’ Hayashi, 1961) 5 and the inhibitor
is difforent fron mturally ocourring tryosin inhibiter of polyneptide
nature (Kunitz and Worthrop, 19363 Schritz, 1938).

Furthor—orc, this inhibitcr was found still antive vhen brought to 100°
¢ for 5 ninutes, 80" ¢ for 30 rinutes, or -50 C for 7 days.

Effeact of Inhibitor on Protsclytis Buglobulins

Protoolytic cuglebulin was prapared fron inflared skin =t riexirmun stage
(24 hours) of Arthus reaction accurding to the nothul (Hayashi et al., 195&:
Udaka, 1960), The effcct of the inhibitor on tho euglobulin proteasc was

neasurad following the nethod dosoribed above.

Fig. 5

Bxoerinents presented in Pig. 5 indieate the strong effect of the
inhikitor in inactivating tho euglobulin protease.

Conprrigson of inhibitors ncwly ond classioally isolatads

The slpssienl isolation procedurs fron“s‘ano source was descrihed in
nrevious naper (Hayashi et al., 1958; Matsuba, 1960: Udaka, 1960). The
proscdure ' oxtrecdien g frpotionation.af ekin -apetone powler; wore @,
£45MBoa1 with Stop ¥ deseribed abovo.




To 10 ml, of ocuglobulin solktion, nsusponded at tha ooncoentration of
epproxinately 1,5 to 1,8 per coent hy Hitnchi's protein wefractornter, 10
rnl, of 6 per nent trichlororacile ~oid wad nddod, md the rmixture nllowed
to s8tand at 37° C. for 40 ninutes until precipitate was somplete, The "1y
rixture was centrifuged at 5000 r.p.,nm. for 15 - . .
rinutes and filtered through one shect of Toyo-Rushi filter paper Nn, 5C.
The filtrate was hoated to 80° C. for § ninutes, cnoled to 20” C.y and
filtored. Tho second filtrate was dialyzod throush cellonhanc nerbranc
ageinst ion-oxchanged wator, with frequent renewalc, for 4 to 8 days i
2° c. Procipitate in collophane sack was collected and dissolved in saline.

During this procedurs, the potency and the yisld arc comparsd with +the
newly isolated inhibitor. The activity of tho inhibidor against papain

was neasured by the method described abhove.

Table TIIL

Experinents prescnted in Table IZT. szhow il ent purification
procedure is more effective thon ko olassicnl one. Tae uliraviolet
snactrun of a srlution of this nowvls Tooiatzd Snhiliton ciiowed the maxiruem

sbgorheney at 276 .

Sephadex and exchanger sush oo LR 1Indene opunar to have extonsive
possibilitics for the analysie, piopurontion aul puzivica’ion of the labile
substances of high rolecular weigui, such as protein. Sephadox was parti-
cularly valuvable in the desalting piu-.oe i $his siulr hocnuse of the
oagily an@ qualitativoely sonoravic el7cein o deas tlag and the high yields
(Fig. 1 and Table III). In c-riiu: crderimenis, =0 o desaliing nethod,
dialysis had usually heen vuod 2o preparing cuglobuiiln fractlion.  ron
those results thore were shown nat the yiclde o7 euglebulin after dinlysis
decrease about one-third of those sepav-ied by Sephadex G-50 (T=ble III),.
This indicates that donaturation of suglobvulin rnay be protecied offectively
by Sephadex eolurm chronatugraph. Fuarthermorce, this netucd precents nany
advantagesy Porath end Flodin (1959),have Tfuund thal %hin nothod causas




no oomplications aorresponding to tho ologging of dinlysis wombranos nnd
that 1t is espooinlly mmitod for ohanging o protoein sclution frow one ™
buffer systen to mmother. Thus, this proscdure is cfton nesessary vrior to
ion exchanpe ohyroratography, However, in this procoduro, the unavoidshlo
dilution is naturally a disadvantago.

Sephadex wns also vory useful for coneontrating roteins fron diluted
solutiong the recevery wns found moroe th=n 89 por cont at 8-fold eoncent.-
ration (Table I). This concorns tho facts that Sephadex posses following
propertiés s (1) it swolls rapidly in water: (2) it is casily and quanti:
tatively sonarablo from tho concontrato: (3) it ie insoluble and not con-
taminate tho concontrate; (4) it does not adscrb solutes which are to be
concentratcd. Recently several invostigators have emvloyed and recommended
this concontrations methed for other substances sonsitive to evavrpation c¢r
freezo-drying, such aschdiinecstorasc, pancreatic lipase, phosphataso,
whosphodiesterase (Flodin, Gelotte and Porath, 1960), and pepsin (Gelotte

and Krantz, 1959).

DBLE-cellulose ~poears valuable in the purificatory phaso in this stuly
beeausa of the o nnaratively large cavacity for adsuorbing nroteins and
shary separable cffects for elutions; and as shown in Fig. 2, the relativ:ly
high purities of the inhibitory fraction wore obtained. This exchansger
method aprears sugericr asonpared to the boundary cleetrophoresis or the 3
paper olectrophoresis as an annlytical rmethnd (Bain andi Deute :h, 1947:
Forsythe and : . . Foster, 1950; Longaworth, Cannzn and Maclnnes,
1940), partiosularly for those constituents which have iscelectric noinic
closo to one anothoer or which are prescont in srm2ll quantities. It hrg the
advantage, however, of heing tirme-consuning ¢ nparod to the latter methods,

Following tho nethnd desoribod in this paper, the spooific protuase
inhibhitor was isnlatod es fibrous nroecivitate fronm the healing Arthus skin
site (Fig 3). This purifiod inhibitor is non-precipitsble with 3 per cont
trichloroacetio noid, heat-stable, non-dialyzable and inscluble in water
but soluble in salt solution, and it gives a faint biurot test and shows =»
naxirun at 276 ru in the ultraviolet spentrur,
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This inhibitor inactivates strongly paynin, but has no effeot on trynsin
and, o\‘-ohynofrypsin (Mg 4)) indicading that this 4a Aifforant fron
naturally roourring tryoein inhibitop of nHolynoptide nature, Fupthopeore,
this inhibitor innctivrtos tha protoclytio rotivity of euglsbulin, ~pronared
from the 24=h~up loeion of Arthus-tyve inflarnation (Fig, 5), Sirilar
rcsults have alen boon ohtalxed with partinlly urified inhibitcr »renared
fron the sano soureo (Udlmka, 1960 ). These rosults indicate that this
inkibitor is idontieal the classionlly urifiod inhivitor and isolated in
the forr of —cye murificd form by the »resent »nrocedurs,In vivo offoects of

this vurificd inhibitor will be Acscribed in a scparate paner.

SUTARY

A spceific »rotense inhibitor wes isulated from the healing Arthus skin
site nnd highly murificd as fihroaus vrceeivitate. This purification procedurc
asongisted »f fractirnation with (HH4)2304, ehronatogrsohy with Sephadex G-50

and DEAE-callulosc, and asoncontration with Seuhadex G6-25, This inhibhitor
inactivates cortain SH-urotoasc in the lesion of Arthus reaction and nanain

but has no cffeet »n tryvsin and o =chynotrypsin,
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Fraction No.

Fig, 1 Chromatographic Pattern of Inhibitory Euglobulin

Fraction*

Column 2,0 x 17 cm. of Sephadex G=50 equilibratcd with
starting buffer. Eluent was M/15 phosphate buffer of pH
6.8. Flow rate was 1 drop per 7 — 10 seconds. Fractions
were collected avery 3 g. Abscissa: fraction number of
eluent; left ordinate: y absorbancy at E ; right
ordinates ——o——e-—, inhibitory potency, IU/EZBO, The shaded
area represents the fraction used for further purification,
* prepared from the healing Arthus skin site.
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Frastion Be.

Fig: 2 Chromatographic Pattern of Inhibitory Fraction*

Column 1,2 x 25 cm, of DEAE~cellulose equilibrated with
starting buffer. Eluent was M/1l5 phosphate buffer of
indicated pH., Flow rate was about 5 ml, per hour, Fractions
were collected every 3 g, Abscissat fraction number of
eluent; left ordinate: s &bsorbancy at 5'28d§ right
o:inatey =—e——o=—, inhibitory potency, IU/E»gq., The
shaded area represents the fraction used for further puri-
fication.

* prepared from Sephadex eluate,




€
TABLE I+ Concentration of Inhibitory Fraction with Sephadex G-25
Inhibvitory fractions Concentration Potency Yield
in Out B30 IU/E§8O
al, zl, %
) °"13::::1.. 80 1.4 90 100
1st. step
main fraction 80 53 2.0 130 97
washed sanple 2 2.6 0.52
washed sample 3 2.8 0.08
2nd, step .
main fraction 55 34 34 199 9%
washed sample 2 % 0.98
washed sample 3 2.6 0.17
3¢d, step .
( nain fraction 37 21 L7 33 93
washed sample 2 2.2 0.36
washed cample 2 1.7 0.11
4th, step
main fraction 19 1 7,9 582 89
washed samrle 2 2;4 0.50
washed sample 2 é.1 6.44
{

# obtained from DEAE-cellulosec olute of inhibltory fraction,
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TABLE II, Extent of Purification of Xuglobulin Frastion
Inhibitor
Fraction Yield %
Average Potency
IU/E280
Euglodbulin 8 100
€ ( from Sephadex
eluate )
Inhibitory fraction 90 18
( from DDAE-
cellulose eluate )
Concentratec fractiomn 582 12
Fibrous precipitate 1260 3
Reprecipitatc 1310 0.4

- - - - -~ ——

Fig. 3 A photograph showa the
fibtrous precipitate having ine
hibitory activity ( under phase
contrast mieroseop, x 800),
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Fig. 4 Effect of Inhibitor on Papain, Trypsin, and
d~Chymotrypsin
Enzyme activity was measured by the casein digestion method:
0.5 % casein in M/20 phosphate buffer, pH 7,1, incubation
at 37°C for 30 minutes, ——e—e—; papain plus inhibitor.(0,10mgl/ml),
: ceefmeefmee s trypsin plus inhibitor, -——d——b-—; d-chymotrypsin
plus inhibitor,
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Fig, 5 Effect of Inhititor cn Proteolytic Euglobulin#

Enzyme activity was measurca by the casein digestion mothod;
0.5 % casein in M/20 phosphate buffer, pH 7.1, ionic strength

0.25, incubation at, 37°C. for 60 minutes, ~—8—-tme: protoolytic

euglobulin( 0.97 mg.N/ml,) plus inhibitoi ( 0.9 mg.N/ml.),

preparcd from inflamed skin at the maximum stage (24 hours)
of Arthus reaction,
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WABLE IIXI., Comparison of Inhibitor Newly and Classically Isolated
Newly Isclated - Classlcally Isolated
. . 4 et - -
A A Iahiblitory Fruetdon e
Fotency Total ¥ Tetal N Potency
1/ mg mg, ng, IU/mg,N
Ve yv ey ot
s 02 L}. TLracT 102
lrom TN g, of Mzin
Acetune Powder
{ Buglo> Cip Lug
>0 P55 Yoo
[

~~
O
o]
~
A}
.
—r

. DoAY
580 cellvlon:
cluate

2.3 80
2.5 Cor : froecd
532 )

cntroted cocueion
roction

9
Fibrous
S 1270)

Procipitatc
pLts 0.26 800c
precipitate
Snzyac activity wus measured by %.c cascin digestion method: 0.5 % cascin
ir M/20 phosphatc baifer, pH 7.1, lonic strength O
Tor 30 minutes,

.25, incubatlion at 37 C
Potency is oxpresscd as units o: inhibitory activity per
az, N IU/mg.s ).

The value in parenthescs reproscnt potency ( <U/1p80)
sz nuown Table 1I,




APPENDIX "g#
( KNDOGENROUS MECHANISM IN VASCULAR PERMEABILITY IN INPLAMMATION.
1. PEMGBABILITY PACTOR AND INHIBITOR AFFECTING INGCREASED VASCULAR
PERMBABILITY IN CUTANEOUS ARTHUS REACTIONS AND THERMAL INJURY
<
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Tho capillary wall is a barrier freely pormeabloc to water and eleatrolytes
but only very slightly permeable t0 plasma proteins. The term “inoreased
vasoular permeab:lity" thereforo rofers usually to an alteration in the
vascular wall lon'ing to an aceelorated rate of passage of plasma proteins
into the extravascula; tissues., The phenomenon is undoubtedly one of the
cardinal foatures of soute inflanmation, i.6., the looal reaction of living
tissue to injury.

The permoability charges have widely beon investigated in the skin of
experimental animals with vital dyo, like pontamine sky blue, Evans blue, or
trypan blue, oirculating in their blood (Menkin, 1938; Rawson, 1942-43)+ and
it has well been acceptoed that these dycs become attachod to circulating
plasma proteins, particularly the albumins, when given intravenously, and
therefore their acounmulaticn in the injured or trcated skin sites indicates
an exudation of plasma proteina.

As recently reviewsd by Wilhelm (1962), howover, the evaluation of
experimental results in such tests often lacks precision, although thero
are some cxcellent attompts to demonstrate quantitatively the amount of
accuriulated dye in the injured or treafed skin sites; for instance, in terms
of "moan lesion dieroter” (Miles and Wilhelm, 122:), or by comparing the 4
colour intensity with a series of comparator cards (lockett and Jarman, 1958).
In the present study, the locally acoumulatod dye (pontamine sky blue) is
estimated quantitatively by our successful extraction method, by which the
dye in the skin ie extracted a)most absolutely (Nitta, Hayashi and Worimatsu
1963). '

Praviously proposed endogensous candidates for the permeability nhanges
are divided into two groups (Wﬁ the first group
includes tho amines; histamine (Lowis, 1927) and S-hydroxytryptamine or
serotonin (Rowley and Benditt, 19%6), end thoir 1iberators (see Paton, 1951)t
and the second group includes the prote'ases; glodulin pemeabil:l't.y faotor
(Mackay, Miles, Schachter _M:Llhaim, }22}), and kallikroin (w,
1928); and the products of protiolysis, the polypeptides like leukotaxine, '
(Menkin, 1938), bradykinin (Rocha o Bilva, Borsldo and Rosenfold, 1949) and
kallidin (Werle, Gotse snd ¥eppler, 1937).
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All these agonts undoubtodly inorease vascular permeability in low
soncentrations, BExcopt histamine, serotonin and loukotaxine, however,
there ia no dirocot ovidonoo on tho prosenss of othor substanees in
inflammatoyy tissues or oxudatos. Murthesmore, no aonslueive evidenco
has hithorto been provided to ostablish that any of histamine, serotonin
and leukotaxine is presont in inflammatory tissues or exudates in suitable
concontrations at times whon perrieability is increased as a result of
tisouc injury, or that the offect of these agents is no longer detentable
vhor. porrcability is restored to normal. These two eriteries are obviously
essontial T a substance found in inflamnatory tissues or exudates is to
be regavdéed ac an intermediary in the production of altered vasoular
permcability. Although the abovo list shall be ressonably complete at the
morent, there is ho reason to suppose that other rosponsible substence does
not remain to be discovercd.

Tho prescent papcr doscribes obscrvations indicating that the permeability
changes in the cutaneous Arthus recactions and thermal injury appear
diphasiery an immodiato responsc, being mediated by the substance susceptible
for antihistanino, and a prolonged dolayed response —--- the major
pornoability éwewd: -rs: being.8oncerned 440 a. proviously undosoribed type of
permeability factor insuscopiible for antihistanine., The permeability
factor in the delaycd responsc is found in the psoudoglobuling and its
inhibitor in the ouglobulin preparcd from the inflamed skin.

MATERIALS AND METHODS

Exporiment 1

Sonsitization of animals. ~— Male albino rebbits (2.0 4-2.3 kg.)
bred in our leboratory wore usod. On tho lst, 3rd, 5th, Tth and 9th days,
3 nl. of bovine plasma albumin (25 mg./ml. in physiological saline: Armour's
product) was injectod suboutaneously in tho skin of the back of the trunk
of tho animals. On tho 30th and 38th days, tho antibody content of canh
animal's sorum was dotermined by prooipitin tosy (Hayashi, Tokuda and Udaka,
1960). In tubes 3 mm. diam., serial dilutions of serum wore mizod with
equal volumes (0.1 ml.) of antigen, and rosults pead after 6 hr. at room
tomperaturc.




e e rmmsps AR P

N

LN

Only animals with titres of 26- 27 were used,

In on of Arthus stiong. -~~ Tho flanks of scnsitized animals
were olosely olipvod with an eleotric haiy olippers. After 24 hr.
0.1 ml, bovine plasma elbumin (25 mg./ml. in saline) was injeoted
intradsrmally in 2 - 3 sites, 5 cm. apart on each flank. Tho antigen
inducod Fikethus . reactions which were almost ocqually intense af
all the sitcs.

Macroscopically, the inflam:atory rcactions commonced in 1 - 2 hr.,
wero maxinal in 20 - 24 hr., e.d thon dcelined in intensity. The
inflarma*cry rcactions usuaily disappeared in 11 - 14 days after injection.

The arnimals were tananaccthe nzedl throughout the exporiments.

Induction of thermal injuzy. ——- Malc albino rabbits (2.5 - 3.0 kg.)
and rats {260 -~ 330 g. )} wero usced. The flanks of these animals were
very carefully elippod with an clocirir hair clippers and then with
nscissors., To avoid "chemial burning”, any paste such a# barium sulphide
was not usei.

4L pelished stoel Aise, 1.0 eom, diarm., closing ono end of a steel tube
and mainiainad by cizeu wting water a* a stated temperature (X 0.25° ),
was apnhlied to %ro clippod skin of rabbits and rats following the method
of Wilholm and Mason (1960). The disc temperature was assumed to be that
of the irmmediately adjacont wator, recorded by a thermometer inserted
throug: 2 ~ubbe~ bung elosing the other end of tho tube. The apparatus
is cosontially a modification of that used by Sevitt (1949). The maximal
heating appliod to aninegls ——- 56° for 20 soc. to rabbits and 54° for 20
soc. to rais —-- was comfortably toleratod in each case by animals lightly
held by hand.  The heatoed skin neither blisters nor becomes nocrotic.

All the animals wore unanassthetized throughout the exporiments.

Macroscopically, the inflammatory reactions (chiofly consisting of
oedema) commonced in 20 - 30 min., were maximal in about 6 - 8 hr., and
thon derlinod in intensity. Tho hoating was applied in 4 ~ 5 sites, 4 om.
apart o1 wurl £lank, and induced roactions vwhich wore ogqually inteonse at

all the aitos.
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Moasuromonts of pormoability offoots. ~—= Rahbits woro given 1ntra-‘
vonously pontamino sky bluo, 60 mg./kg., as a § por ant solution in 0.425
por oont salinos wets wore given 60 mg./kg. as o 2.5 per oont molution in
0,6 poxr cont salino, Such animalc aro roforred as "blued", Tho intravenous
injecctions of dye wore mado at intorvals varying fron O min, to 48 hy.
after challonge injcction of antigen or application of hoated dise., The
animals wore obsorvod for the rapidity of appoarance of tho blue stain.

At 30 nin. aftor intravonous dyc, thc animals mostly wore sanrifined by
bleoding from the carctid arteries, bucausc the bluing at the inflamed skin
gites roached maximal in 30 min. after intravenous dyc.

The locally accumulatod dyc was oxtractod and cstimatod quantitatively
as follows {Nitta, Hayashi anc Norimatsu, 1963)s After removing the fat,

the skin {occasionally inclvding the muccle) was cut into soveral piecos
with geisgors. The okiv pioces ‘werc immediately placod in 10-fold volumes
of mixturc of absolutc othanol and Dioxanc (1 : 1) at about 20 mm.Hg of
vacuum at woom tomperaturc, until omall bubbles from the skin ceased to
oeccur; tho courac of this proceduro required 20 - 30 min. After removing
th. solvents by centrifugatioir, the skin picces were placod in an incubator
of 370. Aftor tho incubation of 20 min., the skin piecos bocame just
rubbery in consistonce, thoy being mincod very casily and finoly with
scissors.

The skin was placed in 10-fold volumes of Dioxan for 1 hr. at room
tomporature, with constant stirring. Aftor removing the Dioxane, the skin
was placed in 10-fold volumes of mixture of chloroform and mothanol (2 : 1)
for 30 min. at room tomporaturc, with constant stirrings and whon absolute
othyl othor at 4 volumos of the above mixture was further added, the skin
was precipitated. Ton min. later, tho solvonts wore discarded by mesns of
contrifugation.

To the residual skin, 2.5 ml. of 30 per cont aquoous pyridinc was ad@ed',
and hoatod in a wator bath of 80° for 30 min. - 1 hr. After contrifug .'i%'r‘x’,
the cloar but colourod supernatant fluid was obtainod; the supernatant

fluid was thon mado up to 3 ml., volums for convonicnt spectrophotometric
nstination with tho aqueoous pyridino,
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If necesnsary, the last proocoduro with tho pyridine was repeated until the
blua colour of the skin oompletoly disappoareds and the supeynatant fluids
all wore pooled.

The Shimasu's spoctrophotometor (QR-50) was used, The dye in the
supernatant fluid was ostimated at 620 mp in aolls with 1 om. light path,
and a final volumo of 3 ml, Tho total amount of dye was computed from tho
total volumes of the supermatant fluild and a standard calidbration ourve at
620 m for gralcd concentrations of dye in 30 per cent aquoous pyridine.

Accordir y to previous study (Nittas, Hayashi and Norimatsu, 1963), the method
can rcaover succassfully about 90 por cont of dyo injeoted intradermally.

Experinment 2

Induction of Arthug roactions and thermal injurxy in rahbits. ——
The antigon (0.2 ml.) was given iniradermally in 10 sites in an area 10 x

10 cm. of the c¢lipped flanks of sonsitizod rabbitss tho reactions produced
at cach nite woro almost cqually intense. The heoating at 560 for 20 seoc.
was applied in 40 sitos in an arca 10 x 12 em. of tho clipped flenks of
normal rabbits: the application of hoating induced roanctions which were
equally intonse in all sites.

Preparation of skin acotone powdor., —-- Inflamed skin was sxcised

immodiately aftor killing the animals, Fat and muscle werc removed, “he

okin finely nincid with gcissors and immodiately frozen at -80°.

Tho frozon skin vas cut into slices about 50‘p thick with a froezing
nicrotome and th- slicos (30 g.) placed in 1.1« of cold acotone of which

the tomporaturc then was allowed to risc to 2°. Dohydration was continued
with 3 changes of acotono (1.1+), cach bath of acotone being hold with the
gkin in tho ordey of 30, 10 and 10 min. period, and thon romoved by filira-
tion with ouction. Tho powdorod skin was then air-dricd in a hood to remove
rosidual scotonc and doslcated in vaguo ovor P2 Og for 12 hr. The tochniquo
was doscribed by Udaka (1960).

Extraction and fractionatiog for permoability factor. —-— All procedures
woro carried out at 1 - 2°. Skin acotone povdor was extractod for 4 hr.
with 7-fold volumes of M/15 phosphate buffor, pH 7.4 the suspension
coatriiugod at 5000 r.p.m. for 15 min.s and supsrnatant fluid filtercd
throusii Toyo-Roshi paper No. 5C.
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Unloso statod in partioular, tho ebovo phosphato buffer was used throughout
tho oxporiments,

From the oxtraote ) proparations containing ouglobulin, albumin or
poaundoglobulin wore fraationatod with armmonium sulphato (ngaahi, Hattori,
Mitsui and Takouchi, 1959). Tho protcin fractions werc dissolved for use
in the dbuffor.

Chromatography of oxtracts and protoin fractions, —-—— Chromatography
was porformod on a oolurm of Sophadox G-50 (Pharmecia's product, Uppsala)
orsontially scoording to Porath and Flodin (1959). All procodures wore o
carriod out at 1 - 20.

The skin oxtracts woerc dilutod with tho buffor to givo an absorbency
36 ~ 42 at 280 mp § and 3 ni. of oach axtract was olutod through tho oolumn
(2.0 x 17.0 om.) which had proviously boon cquibratod with the buffor.

Tho filtration was mado at a ratc of 5 drops/min. and fraotions oollectod
ovory 3.0 g. with tho Toyo-Rochi autoriatic fraction collcctor (SF-2004);
and c¢frluont fractions oach wuro analysod particularly by ultraviolet light
Absorption at 280 ry.

On tho othor hand, 3 proparations containing ouglobulin, aldbumin or
pscudoglobulin wore dissolved in the buffor to give an absorbency 21 - 24
at 280 1p, oxcopt some spoeial cases; aftor contrifugation at 5000 r.p.m.
for 15 nin., 3 ml, of oanh protoin :olution was clutod through tho column in
the samo mannor. .

Protoaso assay. —— This was porformed according to Martin and Axely¢d
(1957) end Udaka (1960). Ono ml. of 2 por cont casoin solution and 1 ml.
buffor wors mixed and hold at 37° for 5 min. boforo adding 1 ml. of protoin
solution and 1 nl, of 0,15 M galino., Protecolytio motivity wes testod at
various pH oconditions (6.6 - 8.2) with tho samo ionic strongth (0.25).

Tho buffor concontration was 0.05 M.

Aftor inoubation at 37° for 60 nin., 5 nl. of 6 por cont triohléroacotic-
aoid was added. In control proparations which woro not incubatod, tho
protoin solution was addod aftor tho trichloroanotic acid. Tho opticel
density at 276 m of tho filtrato was ostimatod with tho Shimazu's
spontropho tomater (QR-50), using tho filtrates from the control provarations
as blanks. '
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RESULTS

orinont 1. Pormoability ch g in inflammatio

Pormoability ohangos in Arthus roastions, =~-= At poncitized skin sitos
injonted with 0.1 nl. antipgon, tho porrosbility roasponsc abhsisted of
two distinet phasos: immodiato --- appoaring rapid, transiont (]aating
loos than 30 min.) and loss intonso, and supprossod by local antihistaminog
and dolayod --— appoaring more intonso and prolongod (voginning in 1 hr.,
roaching its maxirum in 4 ~ 5 hr. and disappoaring in 24 hr.), end unaffentod
by local antihistanino.

The immediato rogponso

Tho bluing of tho troatod sitos boegen after a fow secoonds of antigon
injection. Tho bluo solour rapidly inercasod in intensity and its naximal
intensity was found in 5 nin. old lesion (Mg. I). In unbluecd animals,
there has not yot boon obsorved any racroscopic reaction, oxecpt the bulla
duc to tho injoetion iteclf. The rosponso wasc supprossod almoat complotoly
whon 0.1 ml, triprolidine maloate (100 y.g./nl. in saline, Burroughs
Wollcoro's product) was injocted intradormally togothor with antigon or 5
nin. boforc antigen. Wo oupprossion of the bluing wan obsorvod with saline,

Apparcntly leus intonsae, occasionally nagligible, dluing weas induccd
whon tc antigon was injocted in tho non-sonsitizod sking tho bluing was
alco supvressod conmpletoly by local triprolidine; and in the non.-sena'.ltizod
slein, any type of dolayed rcoponso was not obsorved during 48 hr. of obser-
vation.

The intorpretation of tho loocal offccts of antihistamine, including
triprolidinc (Groon, 1953) is somewhat conplicated by thoir non-antihistaminic
skdo-26tions, o.g., anticholinergioc and anscsthetis offeots. Triprolidino
uesad in this oxporimont, howover, has boon shown to have an offeot suffioci-
ontly spoaific to justify tho usc in invostigating permoability responso in
injury (Wilholm and Mason, 1960); tho drug appoarod to be tho bost compound
availeblo for such work.

Tho dolayod rosupunso

Tho immodiato rosponsc subsidod in about 10 min.; and tho dolsyed rosponse
bogan in about 1 hr., roaching its maximum in 4 - 5 hy,, and docling
thoroaftor (Fig. I).
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Tho lonal ocdana and orythoma, in unbluod animals, bocane vioidleo in 1 - 2
hr., repidly inersacing in intoncity, and roaching its naximum in 20 - 24
hr. Annordingly, tho root important flow of bluo wao noted at 4 = 5 hr.
0ld losion, and thnroforo tho vanoular porrcability ohangor in tho Arthus
reantionn proscodod tho naximal hoight of oodema and orythorma,

The dolaysd rosponso was olicitod more intonsgi]& and rogularly than the
immodiato rosponsc. Howevor, vory onecasionally, tho through botweon tho
two responoos appocarod vory shallow or ovon nogligibls if the dolayed
rosponso wao provoked too rapidly.

Tho dolayod rocponse was noarly unaffoctod by looal triprolidine (10 pg),
given togothor with antigon, or during tho maturation of tho rosponso,
rovoatodly; and spocial intorost arosc from such an insuscoptibility to
antihidtamine of tho permoability faotor rcsponsiblo for the delayed
rOGpONsc.

Porncability changos in thornmal injury, --- Tho hoating was comfortably
appliod to animals —— 56°for 20 goc, to rabbita and 54° for 20 poo. to
rats —— following tho mothod of Wilhelm and Mason (1960). The hoating at
60° for 10 saec. (Sovitt, 1958) soomod unsuitable for the prosont purposo
benauas 7 too pronouncoed losion locelly induccd.

An obgorved in Arthus roactions, -%he permeability changes in thermal
injury alco appoarod diphasic in rabbits and rats (Fig. II); imnodiato-—-
loss intonso and only transiont (lasting loss than 10 min.), and supprosecd
by local triprolidine (10 pe- )3 and dolayod -—— roro intense and prolongod
(veginning in -about 1 hr, and diseppoaring in 6 - 8 hr.), and unaffoctod
t# local triprolidino (10 pg.), givon beforo or during the maturation of
ths rooponscy tho genoral pattorn of delayod rosponsc was not modified by
antihistanine.

Tho irmodiato rosponsc in both spocies, partioularly in rats, was
irrogular in appoarancs, occasionally boing noegligiblo oxr absont, Tho 7. °
maximal intonoity of tho dolayod rosponsc was found at 2 hr. old losion
for rabbits; and 3 hr. old losion for rate. Tho observatlons wero osdon-
tially in annordancc with thoso of Wilholm and Mason (1960).
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Roproduotion by skin oxtracts of pormoability ohenpgus in Avthus poaations,
iwe Bagh of tho okin oxtraots, proparod at varioun intewvals of Arthus

reactions, wao injocted intradormally in tho oclippod flanks of yabbits

<— oxtract (0.1 ml.) plus buffor (0.0l ml.) in tho right flanks oxtract
(0.1 n1.) plus triprolidinc (10 Ja- in 0,01 ml. buffor) in the left. 4
Each animal's corun wap takin at various intcrvals of Arthus reactionss

and 0.1 nl. of cach sorum was given intradermally in the right flank,
Intravensus dyo was administrated irmodiatoly aftor intradarrmal injeoetions,
the animals rostly being killod 1 hr. lator.

Thc bluing of tho oxtract-injooted sitos bogan aftor a fow minutos of
dye injcotion, incrcasing rapidly in intonsity, and raaching its naxirum
in 50 - 60 nin. with ths devolopront of oosdoma.

The rosulte rocordod in Pig. 1II suggest that tho timo-courso of
pormeability changss in tho Arthus rcactions (occ Fig. I) is roproduced
sonoidorably woll by tho skin oxtracts proparcds and it shows that the
oxtraction is reasonrble in isclating tho permeability fastor affecting
tho dolayod response in Arthus roactions. Tho pormeability offocts of Q
tho oxtract of losion showing rwst intenso delayed response (3_.& 4% hr.
0ld losion), worc rost activo but unaffoctod by local tripro}idine: in
aon’'r1at; thoso of the oxtract of tho immodiato rosponso boing less
intonsive but strongly suppressod by local triprolgdine.

Vopativo rosults woro obtainod with all tho sera from rabbits with

Arthus rcactions; this may suggost the absonoc of active pormeability
factor of itc too low concontration in tho sorum.

Domonstration of pormoability faotor in tho skin oxtract, —-— Tho
skin oxtract, proparcd fron 4% hr. old Arthus losion, was diluted with

the buffor to give an sboorbency 36 - 42 at 280 mu; and 3 ml, of the
oxtract was olutod through Sophadox colurm. BEffluent fractions oach
woro injoctod intradornally in tho flanks of rabbits — fraction (0.1
ml.) plus triprolidine (10 pe- in 0.0l ml. buffor) in the right; &
fraction (0.1 ml.) plus buffor (0.01 ml.) in tho loft.
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Intravonous dyo vias glvon immodiatoly aftor tho injoations, the aninmals
mostly boing killod 1 hr. lator.

Thoe rosults ragorded in Fig. IV indiocatc that tho pormenbility faotor
of tho dolsyad responce in contained only in tho offluont fractions of
tho first group showing 1 dofinitec (*sorption at 280 mp, Such a
ppontrophotornotric nssay at 280 mp pronisod a usaful convoniceneo in
oclucidating tho locaticn of pormeability faector. Tho bluing at tho ireated
okin sitos, as obsorvol with tho originel oxtracts, bogan after a fer
nirutes of dyo injoection, incrcaning repidly in intonsity, and ros.hirg iis
maxirum in 50 -~ 60 nir, with the dovelopmunt of mild ocdema. Tho
parm:iability offocts £ cach frantion worec not affoeted by loecal triproli-

diro.

Thr
Deronstration of sormoability factor in psoudoglobulin, --- ﬁ%ﬂ%

provarations contsining cuglobulin, pscudoglobulin or albumin, provarcd

from the nxirasts f 4% hr. old Arthus losion, wor: rospactively diluted
vish she bufior 4 gzive an absorb:hcy 21 - 24 at 280 rp, oxecpt special
a=man: 3 ml. of cach protein solution was oluted through Sophadox colum.

Taca C.1 ml. of n.Tluent fracilong showing wositive  wbsorption at 280
ng was intraderrnally injeetzd in the clipped skin. Intravonous dye was
given imnediata’y aftor tho injoctionss the animale rostly boing killed 1
hr. Jlator.

Tho rosult recorded in Fige. V indicats that tb. pormeebility fantor

of the nrigin 1l ecxtracts is prodoninantly concontrated in thc.psoudoglobulins

and tho norr.ability offoet of effluont fractiona being intensive in
parallel with the absorb%nqy at 280 mp.  Tho moot active fraction wan

fraction N-. 8. The bluing at tho sites injoetod with tho active fractions,

bogan afier a fow minutos of dye injostion, and roached its maxirum in 45 -
60 min. wih tho dovolopront of ocdcnma,

The poermcs-bility offzct of tho albumin was appoarontly losn active, that
of the rurlobulin baing rmoct nild.

_Trop.rtios of pormoability faotor of ppoudogiobulin, -—- The following
anoays all wore porformod on the abovo fraction ¥o.8 which is namod PP~
fraction. All tho metorials wore givon intradorially in the flanks of
rabbiss.
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Intrrvenous dye was adninistrated inrodiately nfter the injontions, the
aninals rostly being killed 1 hr. lator.

(2) Bffeot of trinvoliding, -—- PP-fraction (0.1 nl.) plus buffer (0,01
nl,) 4n tho rights tho fraotion (0.1 rl.) plus 10 pg. triprolidine in the
loft,

No suunression of perroebility offoot of PP-fraction was found with
local trisrolidine (Table I).

() Bffect of heating., ——- FP-fractior was hoated in a water bath of 60°
for 30 nin., ’{50 for 30 nin., or 100° for 5 rin.; after contrifugation at
5000 r.p.n. for 15 nin., suvernatant £ rids onch heing temted --- original
PP-fraction (0.1 nl.) in the right flanks heated fraotion (0.1 ml,) in the
left,

The noermeability factor of PF-fraction sasned therrwlabiles ite nntivity

wes alrost oonpletaly lost by heating to 607 for 30 nin, and ecomnleto loss
of notivity was obtainod by heating to 75° for 30 nin., or 100° for 5 min.
(Table I and Fig. VI).

(c) Effoct of dialysis. ~-- PP-fraction was dialysed through a cellophane
renbrane (Visking's scamless collulose tuhe) against the buffer at 1-2° for
24 hrG w— renaining fluid (0.1 nl.) in the right flank; original fraction
(0el ml.s hold at 1-2° for 24 hrs) in tho left. During the dialysis, thorc
wns not obsorvod any precipitate.

The porneability faetcr of PP-fraction seered non-diffusidle; no offoct
of dialysis was found for the pormeability factor (Table I).

(4) Bffaoct of soy bo nsin inhibi S8T1), —== PP-fraction wes
nixed with various oconoentrations of highly purified SBTI (15, 20, 50 and
60 )xg./nl. in salinej Novo's produot, Norway) in a ratio of 1 and 1: the
nixtures each being held for 30-50 nin. st room tenperature --- nixture
(0.1 nl.) in the right flank; PP-saline nixture (0.1 nl.) in the left.

This was perforned ocssentially according to Miles and Wilholm (1960).

No suppression of pernoability offeet of PF-frantion was found with

various consontrations of looal SBTI (Table I and Fig. VI).

() Effeot of di-iso- hosphonate (DPP). =-- PP-freotion was
nixed with 1072, 104, or 107> ¥ DPP (diluted with saline) in a ratin of

1 and 1; the mixtures cach heing hold for 1, 2 or 4 hr. at roon termorature
- nixture (0.1 nl.) in the right flank%; PP-saline nixture (0.1 nl.) in

the left, This was also porformed essentially asocording to Miles and Wilhelrm
(1960).
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The results shown in Table I and Pig. VI indicate that DFP bhas no offect
on the verrwebilily fastor of FP-fraction.

(2) Btfest on espein digestion. —— Ome nl. of 2 yer oent casein ®olusion
and 1 nl. buffer were mixod and held at 37° for 5 nin. before sdding 1 ml,
of PP-fraction and 1 ml. of 0,15 M saline. The roastion rixtures weye miin-
w. duffer oonaentration of 0,05 M, and ionic strength 0.25,

at 37° for 60 nin., 5 nl. of 6 per cent trichloressetioc
acid was added, Tho optical density at 276 rmu of the filtrate was estinmate
with tho Shimasu's s)eotrophotoneter.

As shown in Padle I, no u.oznanieracuﬁg,dnaotootoa with PPfraotiow
inspite of its high pernoability effect. BSuch nogative results with the FF-
fraction were in acoordance of our previous observations that the looal
proteolytic (oaseinolytic and fidrinolytic) asotivity in Artbus rosctions vas
found only in the euglobulin prepared dut not in the pseudoglodulin and
albunin fractions § 1956 Eayashi ot al
1962).

(g) Rffeot on extravesgalax nigration of leucooytioc cells, ~=— PP~
fraotion (0.1~0.2 nl.) injeoted intradermally in the right flmnks Leukotaxine
(0.10.2 ml.s 5 ng./ml. in buffer; see below) in the left. “ 4590 min.,
the skin sites were aoxnisad and fixed in 10 per ocont noutral formalin for
nicroscopio exanination of seotions.

In oontrast to the striking offect of leukotaxine on extravasoulay
nigration of polyrorphonuclear leucocytes (Nenkin, 1940), the PP-fyastion
showed no swch an offect (Pig. VII). However, 0,1 nl. of the Mi=-frastion
omn induce the permeadbility changes rore intensive than the sww volwms of
leukotaxine osn (Table IIX).

(h) Bffect on contragtion of soth rmsole, ~—- Following the wsual wey
the preparations of guinea~pig ileun were suspended in Tyyode solution in an
20 nl. bath and kept at 37°. Various volumes (0.1, 0.5 or 1.0 nl.) of P~
fraotion wore added to the dath; 0.1 ml. of bradykinin (0.5 pg:/ml.: eee
Tablo III) was tosted as the control,

No ocontreaotion of the ileun was odserved with any volune of PP-fraction:
in contrast, distinot oontraction obmerved with 0.1 ml. of bradykinin
solution. Howaver, 0.1 ml. of tho PP=fraction was more active than the same
volune of the bradykinin solution in induoing incroased vascular permesbility.

B ]
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ntorvals o 8¢ === Popmoability ~ffonts of PP=frnations,
ivolatod fron vayious 1ninxvnln of Arthus lopionn, 30 rin,, 4% and I2 hr,
old, woro comparod: tho tast wan norforrod on tha almopt garc eonaontration
(absorbency 10,0 = 11,0 at 280 np) of PP-fractionny 0,1 ml, qf canh
fraction injooted intradornally in tho flankn of rabbits, JIntravonoua dyo
was givon inmedintcly aftor tho injectionny tho anirals mosily boing
killed 1 hr. lator.

The »esulta rocorded in Table IT indisate that tho porrcability offante
of PP-fructions cloarly run parallcl to the timo-courso of pormoability
changes in Arthus roactione (gafs Tig. I). The obsorvations ray give a
reasonahlio support o regard the yornosbilify factor as an intewpediary
or one of the interrmedinrics for the delayed rosponso in Arthus roaotions,

Doronstration of anti-pormcability factor in cuglobulin.-—- As shown
in Fig. I, vorncebility changes in Arthuc roactions hecome apparently liss
intonse in 12 hr. old losion, sugpesting the loenl appoarsnce of anti-
factor or dcstruction of the permeability factot, Threo provarations

containing cuglebulin, pscuduvglobulin or albunin, preparcd from 12 hr. old
Arthus lesion, woro diluted with buffer to give an absorbency 15-20 at

280 m’x; 10 nl, o? ocach protoin scolution was oluted through Sevhadox
column: Pi-fraction was mixcd wvith offlucnt fractions, nogative vith
Nesslor's, in a ratio of 1 and 13 and beforc injootiong cach mixture was
hold for 30 min. at room tomporaturc . ~—— Mixture (0.1 ml.) in tho richt
fisnky PF-buffor nixturc (0.1 nl.) in tho left. Intravonous dyo wes given
imn~diately aftor tho injootione, the aninalse mostly hoing killed 1 hr.
lasor.

The rosults -ceorded in Fig. VIII indicatoe that the anti~factor for thoe
perrnability factor of PP-fraction is prodominantly concontrated in the
ouglobuling and the offoct is found locatod in ccrtain offluont fractions,
particularly in rraction No.l5, showing a lower sbsorbency at 280 np.e
This fraction ir eallod anti-PP-frection.

Zffoct of an'i~factor of suslobulin on various normeabilidty £:otfurs.——
Effcet of tho abovo anti-PP-fraction was tostod on tho following : .= -~
bility factorsy '

T gy ————r—



ES

Leukotaxing; === This eubstanse (M-ecotic fraction) was isolated hy the
nethod of Monkin (1960) fron cell-freo oxudato of tursontine=-induced
nleuritis of dogss the armorphous powder was susponded in buffor in a aome
aontration of 5 ng,/nl. and contrifucod.

Bradykinin, =-- Synthotio bradykinin (Sandoz's product, Basle) was dissolved
in buffor in a concentration ¢f 1.0 pg./nl.

Kallidin. -~- Pure kaliidin wae dissolved in buffer in a conocantration of
2,0 unit/m1,

Olobulin pepnenhility faotor. —-- Highly purified factor of rabhit's sorun
was dissclvad in buffor in a concontraticn of 3 rg./nl,

Kallikrein., —- Kallikroin (Bayor's product, Loverkuson) was dissolved in
buffor in a oonaontration of 0.1 unit/ml.

The sbove listed solutions, and PP-fractions of Arthus lesion and thormal
injury (scse balow) oach were mixcd with the anti-PP-fraction in a ratio of
1 and 1. Aftor standing for 30 min. at roon terperature, each rmixture
(0.1 ml.) was injeotod intrader—ally in the right flanks PF-buffer nixture
(0.1 ml,) in the left. Intravonoue dyo was adninistratod irnediately aftor
the injections, the aninals -wstly being killed 1-2 hr. later.

Tho rosults reconrded in TPable III indisato that the anti-faator of
ouglohulin can sunpress considorably the effoats of Arthus— and thermal
vermeability factors; but has n> effeoct on leukotaxine, dbradykinin,
kallidin, globulin pormesbility factor and kallikreins these obsorvations
suggost that the inflammatory PF found in this experirent nay be difforont
fron various candidates as listed sbove.

Martherrore, the anti~fastor was found still active when broupght to 60°
for 30 nin., or 75° for 15 nin.

Provious oxperinents in this laboratory showod that tho activity of
ocortain skin SH-proteesso inoreased in parallel with the developriont of
Arthus rosotionsy and that inactivation of the protense by the p:lypeptide
inhibitor nay be ocorrelated with the subsequont and gradusl cessasion of the

resctions (Harashd, 1955, 1956y Hayashi ot al., 1958; Udaka, 1960, 1962y
Matouba, 19603 Ito, ;ggg). The protease and anti-pratonse onch were released

by tissue phagoaytes during antigen-antidody reaction, the ensyme deing
reloased beforo its inhiditor (Hayashi. Tolmuda snd Udska. 1960+ Tolodas
Hoyashi ond Matguba, 1960).
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Both substancos woro roooverod in ouglobulin fraations, Morc rosontly, tho
anti-protoasc was highly purifiod by momns of colurn ohromatograph (Eayashi,
19623 Udaka, Koono and Hayashi, 1962).

Tho purifiod anti-protoasoc was dissolvad in buffor at various soncont-
rations (0.4 = 0.8 mg.N/ml.) capablo of inactivating high astivity of tho
SH-protoasoc. PP~fraction fronm Arthus~ and thdamal losion was mixod with
tho anti-protcasc in a ratio of 1 and 1, and tho mixturos oach wore held
for 30 min. at room tomporaturc ==——mixturo (C.1 ml.) in tho right flénks
FF~gelino mixturc (0.1 ml.) in tho loft.

As shown in Tablc III, tho anti-protoasc has no offect on tho
porrmoability factors of Arthus— and thormal losiong the obsurvations
indicats that thc anti-PF of cuglobulin is difforont from tho antidpgbtcasoc
ainilarly containcd in tho ouglobulin., In turn, it is ovidont that our i
inflarmatory PP ie distinet frem tho skin SH-proicasc.

Endogongous factor affooting dolsyod Fosponso in thoymsl injuxy. —

The came typce of oxporinont was oarricd out on various samplos from
thermal injury in rebbits. As shown in Mg, IX, th: pormoability factor
affonting tho most intonsc dolaycd rosponso, 1.0., 2 hr. old losion, was

prodominantly concontratcd in the psecudoglobuling and its offect of
offluont frastions boing in gonoral most activo in frastion No.8, showing
a highost absorption at 280-rp.

Proportics of tho pormoability fastor woro assayod tollowing the samo
mannor es noted abovos and it was clarificd that this fustor was indistin-
guishablo at tho momont from that of Arthus roactions, beoWuse it also
was thormolabilo, non-diffusiblo and insuscoptidlo to triprolidino, SBTI,
DFP and our anti-protoasoc. This factor had no offoct on stimulation of
smooth musclo of iloum of guinoa-pigs or oxtravasoular migratien of lourocytes.

Following tho samc mcthod as dosoribod abovo, tho anti-substanno for tho
pormosbility faotor was found in the ouglobulin proparod from tho 8 hr. -
0ld losion, ‘This anti-faotor was also oluted into the fregotion No.l1l5
(Teblo III).
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DISCUSSION

a;r’ In tho prosont cxporiment, loakagc of circulasing dyc (pontamino mky
bluc) into tho inflarcd skin sitos was showm quantitativoly by tho amounts
of dyo oxtractod fron the sites following our rethod (Nitta, Hryashi and
Norimatsu, 1963). Application of such succeossful tcohnique in tho tost of

‘incroasod vascular porrcability nromiscd a2 precisc ovaluation of oxporirontal

rcoults.
In two distinet 4ypes of inflarmation, .i.c., Arthus reoactions and thormal
injury, tho porncability changes consisted of two diffcront phases ——-—

1mediate and delaycd. Although thorc wae small variation in the nattorn

and duration acsording to the naturc o injury, the delayoed rosponse ——-
thoe major poermenbilidy ovend ——- wos couontially a characioristiec feature,
cormon to such cxporinental injurico. In eontrast, the immodiato rosponse
was thy minor pornoeability ovont, 2% being only tranegiont.  Similar obsor-
vations on pormeability chanscs in inflammation have hoen revorsad: for
oxanplo, therral injury (Sovitt, 195835 "ilnckh: and Magom, 1960:; Spentor
and Willoughby, 1959; Allison and Lancngis, 195973 bacioiial infoctions
(Burk and Miles, 19583 Potri of al., 19523 MWilag and Wilholnm, waivublishods
Bldor and Milcs, 1957: Mgg!ﬁ;lanc and Knight, 1941)3 ultrasonic injury
(Burk; scc Wilholm, 1962); traunatic and chorical injury (sce Wilheln,
1962).

It socns vory nrbablo that the dimmodiate rosponsc is mediatod by the

substancc suscoutiblo to local triproliding, pessibly histarmine. The
conalusion was also drawn from the obsorvations of Wilholm and Mason (1960)
in tlormal injury. Spoecial intorost thorofore arisos fromg tho insusconti-
bility of tho dolayed rosponec to loeal triprolidinc. Wo satiesfactory
nodiators for the dclayed rosponsc havwe hoon obiained in any type »f fissuo
injuricsa.

The pormoebility faotor was isolatod from the Arthus losion showing
delayod rosponse, i.0., 44 end 12 hr. old, This inflammetory FF in
predomiﬁantly econgsontratod in tho nscudoglobuling and its offcct of offlvent
fractions (through Sophadox colwm) of tho psoudoglobulin being active in
parallol with tho absorbancy at 280 .
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At tho rmonont this PP apnoars %0 bo of protein naturo but differont fror Qa
the protoasos (globulin porneadbility fastor ond kallikrein) and the
polyveptidas (leukotaxine, dradykinin and Xallfdin) -=- it ney de
distinguishablc fyom thesa polypeptides by its thormoladility, ron-diffusi-
bility and inability to stirmlato srooth musele or to induce an macwmlation
of loucocytos in the injoatod skin sitos; it resemblos globulin permoadbility
factor and kallikroin rathor than the polypoptides but it is oleasly
insuscoptiblo to SBTI and DFP vhich can inactivato the offeocts of glodbulin
porneability factor and kallikroin. Tho proteases and our inflarmatory FF
have no oaseinolytio activity. This PP is distinct fron histanino by ite
insusceptibility to triprelidine.

Moro roasonablo avidonce was obtained by tho use of our anti~FF of the
ouglobulin, isolated fron Arthus losion 12 hr. old: this substance oan
suppross the offests of the PF but has no offoet on tho prlypeptidos and
protoases. Since this anti-PF is still activo whon brbught to 60° for 30
min., or 75° for 15 min, it nay bo distinguishable fron the inflarmatory
SH-protcasc (Hayashi, 19563 Hggaahiht al., 19583 Udaka, 1960, 1962) whose
activity isilost alnost completely by hoating to 60° for 10 min. The anti-
PP is also distinct frcm our anti-protoasem ‘boo& tho latter polypneptide
has no offoot on tha PF.

The dolayed response in Arthus reactions scons exélicable in torms of
our inflarmatory PP, sirce the effeot of the PP was rore active at times
when vorneability ohanges was inoreased; its effeot becoming less active as
pormeability ohanges subsided. This oriteria scems essontial if this
substance with highor pormoability affect is to bo regarded as an intor-
mediary in the vasoular phenomenon. Tho question ' whother the balance
botweon tho inflammatory PP and its inhibitor determines the v.intonniv,

_oxtent and duration of tho delayod response ——~ the major event in the {ise¢

vascular phenomonon —-- in Arthus roactions, waits further study. Further
purification of both substancer in now in good progrensy the results will
be denoribod in a neparate paper.



Benont tisnue culture exporinonts showed that timsuo phagoayton, i.e.,
tissue-rmincoytor and fibroblasts, subnitted tu tho antipon-antibody rsantion,
releascd two distinot vernesbility faatora ~-~ the one susocsptiblc to trinro~
lidines the other insusceptible to tyrinrsolidine, being roleaned lator. The
latver PF closcly roscrbled the inflarmatory PP, because it was insucceptible
to SBTI and DFP but affected by our anti~PF of euglobulin (_H_m, }2_6_2_;
Kinuvaki and Takaba, unpublished). Nogative results vith the anti-protease

indicate that this eellular PF is distinet from tha prctease (SH-dependent),
rolcased from the calls during the antigoen-antibody rcnction (BargehE,
Tokuda and Udaka, 19603 Tckuda, 1959). Basic morphological changes ocourihg
tho antigon-an<ibody roaction have widely boen studied in the above cultured
cclls (Havarhi and Ono, 1953, 19553 H-yashi, Onc and !Mntsumoto, 1955+ Ono,
19585 Kuze, 1660; Takaha, unpublished).

At the ronent woe mapposc that permeability changes in the del%resmnse
of Arthus rcactions may bo associated with the collular PF, rcleased during

tho antigen-antibody reacticn, in part, since cach scrum from rabbits boaring
Arthus ranciions shovicd no vermeability effect. However, this not always
deny %he vole of the sorum proteases (globulin permuability factor and
keliikrein) or pelypestides (bradykinin and kallidin) in the vaﬁular phonn=-
rnenon. There arc manr roviews concerning the biological significance of
globulin permeability factor ( a and Wilholn, 1960; Miles, 1959: Wilhelm,
1962: Spector, 1958) k:llikrein (Werle, 19603 Forcll, 1960), bredykinin
(Rocha e Silva, 19603 Elliott, 1961; Lewis, 19603 Schachter, 1960) and
kallidin (Werle, 19603 Lewis, 1960). Concerning thc cssential role of our
inflarmatoyy PP, we rust walt further results.

8irniler inflarmatory PF and its anti-PF are isolated from thermal injury:
they are at the roment indistinguisheble from the PF and its anti-PF of
Arthus roactions. However, the nonsidorable differcnce in the eoffects of
both anti-PPs scerms oncn the way to verify tho essential difference in doth
PPs. 1% seens convinced that inflammation probably has many mediators
including nermoability factors, that diffor according to the nature of the

injury.
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SUMMARY

The timo-courso and mediation of incrcased vascular porreability in
Arthus roactions ind thernal injury werc investipgatod in the skin of
unanassthatizod rablite and rats =itk pontanino sky blus circulating in
thoir blood, The locally accurulated dye was quantitatively ostinated by ¥
our ex*racticn nmcthod.

1. Th~ goncral pattern f vascular reospwmse is dishasic in theseo
spocies andl injuries ~-—— irmidiate and delayed. Tho terporary irmediateo
rosvonso 1o odiated by o substsnce suscantible to antihistanino (triproli-
dine), i.,9., rosaibly histamine. Tho prolonged deleyed response ——- the
rajor ovont in vascular porneshility -——- i ponsibly rodiated by a

nrovirusly wndesaribed substanse, insusecptible to triprolidines #vida #

.this Tactor is ecncontratod predormaanntly in the wseudoglobulin frantion,

isolated from Arthus and ther-al lerion elieciting the dolayed responsa.

2. Tis inflorwat vy FP, wossibly rotein in naturo, is therr‘nlnbilo,'
non—-diffusible, insus:cptihle to antibistarine, soy boan trypsin inhibitor
and di-iso-propyl phe aphofluoridate, ant fails to stirulate smocth mussle,
or 2 indune an  utracascular rmigration of loucinytes, and has no asmmpeinoly-

tic action. Tho PP :sons dféfforant fro- the protesscs (globulin permea~
bhility fantor, kallikroin and skin SH~-Dp1.tease) and wlypertides
(loﬁ;ﬁa&tatine, bradykin'n and kaliidin). :t the rorunt both PPs are indieyy
tinpuishabia,

3, The offont of thoe inflarmatery PR is wotive in parallel vdth the
tine~ncurss of vormneabilaity shangos in the injury, suggesting tho possidble
role of this PF es an intorodiary for tho .lelsyod rosponse.

4. Tha antiefantor is found nredorinantly in the ouglobulin frastion,
isolated fron Arthus- and thornal lesion vith denrensed vasmulay rosponset
it can sunpress tho offoats of both inflawitoxy PPs but has no offents of
the sbove protoases wmd polypoptides. This rnti-factor is difforent from
the anti-protoasc of pnlypeptido natuys, simd larly nentainod dn tho
ouglodulin fraction. 'i‘h..; antivity of anti-trmwp jn etill mainad
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Fig, 6 In vivo Effocts of Heating, SBTI and DFP on the Inflammatory
Permoability Factor of Pseudoglobulin

) sy S L

*

2.5 pg. SBTI

I-a, PF +

I-b, PF + 3,0 nug, SBTI

I-c, PF ¢ saline

II-a, PF + 10 M'DFP
II-b, PF + 10 M'D¥P
IX-c, PF &+ saline

IIl-a, PF heated at 75°C, 30 min,
III-b, PF heated at 100°C, 5 min.
IITI-c, nonhecated PF

Note no inhibitory cffects of
SBTI and DFP, Complete loss of
PF activity is shown by heating,

.75°c, 30 min.; 100°C, 5 min,

Fig., 7 The skin site at 1} hrs,
aftor intradermal injoction of
inflammatory PF (0.7 ml.,). No
extravascular migration of leuco=~
c¢ytes, However, there is secn cone-
siderably marked ocedema, H, and E,

x 150
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TABLE I, Propertiea of Qur Inflammatory Permeahility Factor

e

b’ Extravas.

Motandne T DI? Neating oemtrestien Dialysis migration “aninelysis

1. Nemkin, V., 1938, 1940,
2. Tochs ¢ Bilva, M., Beralds, ¥, T. snd Besenfeld, 0., 1949.
3 Wrls, B and Dervek, U,, 19350,

So Mlongdy Ae and Mlkeldn, Do L., 2960

s Mnedey Koy Oalle, Jo By and Soheshter, M., 1960.

TABLE II. Comparison of Permeability Effect of Inflammatory PF
Isolated at Various Intervals of Arthus Reascticons

FF sanples

30 min, Arthus
4% hr, Arthus
12 hr, Arthus

0.D. of sanples* Extravascular dye
1c,2 8.1 ug,
10,5 24,3 ug,
11,0 10,3 ug,

* 0.D., Optical density at 280 mu.
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TABLE III, Effects of Our Anti~PF and Anti-protoasc on Various
Pormcability Factors

Extravascular Arthkus Thermal

Test materials Concentration dye ( pg.) Anti~PF Anti-PF Anti-prote:
Inhibition %

Leukotaxine 2.5 msﬁ/ml. 12,6 o nt nt
Bradykinin 0.5 ug./m;. 11,2 0 nt nt
Kallidin 2 unit/ml.' 21,1 0 nt nt
Globulin PF 1f5 mg./ml, ' 15.& 0 nt nt
Kallikrein 0.05 unit/ml. 14,2 0 nt nt
Arthus PF 0.D. & 6.2 29.8 70 25 0
Thernal PF 0.D, a 5.9 29.8 54 75 0
Ccllular PF* 2-dilutcd, 45.0 56 nt 0

* The PF was releascd into extracellular fluid (culture medium) .
by cultured fibroblasts submitted to antigen-antibody reaction,
Tho fluid was. taken 2 — 3 hrs, aftor introduction of antigen, it
being diluted (Hayashi, H., 1962; Kinuwaki, Y, and Takada, Y.,
unpublished), Characteristic morphological changes in the
cultured colls have been widely investigated (Hayashi, H, and Ono,
7., 1955; Ono, T,, 1958; Kuze, T,, 1960),
#» Tgolatod from healing Arthus skin site and highly purified (see
Udaka, K,, 1960; Hayashi, H,, 1962).
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